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Abstract: This paper presents an intervention aiming to promote students’ learning by enhancing
their interest in the concept of energy. Junior high school students’ learning and interest is evaluated
after engaging in activities on work and energy. The intervention integrated hands-on and simulated
experiments included a structured series of guided investigative tasks and whole-class discussions.
The intervention was delivered to an experimental group consisting of 110 junior high school students.
The control group consisted of 96 students of the same grade level, where students were taught about
energy in the traditional sense, i.e., via the standard textbook. Written tests were then handed to
all students to assess their learning outcomes. The results showed that the learning outcomes of
students in the experimental group were significantly better than those of students in the control
group. A notable increase in interest from students in the experimental group compared to that of
the control group was also observed. Findings also showed a significant positive correlation between
interest and academic achievement. This study reconfirms that enhancing interest could lead to better
learning outcomes and its evidence-based methodology can be equally applied when introducing
students to other difficult concepts of science.

Keywords: teaching energy; enhancing interest; energy in high school; high school physics; interest

development; interest in science; science education

1. Introduction

The unifying role of energy in all fields of science explains many phenomena and
confirms its multidimensional importance in education. Energy is recognized as a major
learning objective in science, as it is considered a cornerstone for students’ understanding
of other concepts and phenomena in the physics curriculum. However, the concept of
energy is not easily comprehended by students and its teaching methods have been the
subject of much research in the field of education (e.g., [1]).

Researchers, over the course of several years, have attempted to teach young students
the different components of energy, using different methods. For example, in Schmid’s [2]
approach, energy is not described as being ‘derived’ from fundamental quantities, such
as force or mass, but instead is introduced as the primary quantity at the beginning of the
physics course. Solomon [3] argues that the dissipation and degradation of energy should
be taught in a simple way before its conservation as this eliminates difficulties. Newton [4]
teaches gravitational potential energy, which, according to him, is not a concept that is
easily comprehended by secondary school students, by employing a mechanism (Gravicar,
a self-propelled vehicle), which was developed to make the concepts of “energy-mechanical,
gravitational and potential meaningful” ([4], p. 310). Constantinou and Papadouris [5],
drawing on the epistemology of science, proposed a teaching approach, the main features of
which include the use “of theories to create models of phenomena, the distinction between
states and processes, and the unifying nature of energy as an interpretive framework”
([5], p- 161). Millar [6] proposes a teaching sequence in which he suggests that energy
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resources are a good starting point to teach energy-related concepts, and Hertting [7] uses
the physical model of Feynman’s blocks to help students learn and internalize many of the
abstract concepts related to energy.

However, studies have shown that many problems and difficulties still arise in young
students’” understanding of the concept of energy (e.g., [6,8]). These difficulties reduce
their interest in the subject and energy becomes an unattractive area of study. We must
therefore consider whether there are teaching strategies available that might ease some of
the learner’s difficulties.

Studies carried out over several past decades (e.g., [9-11]) have indicated that one
of the most useful solutions is to trigger students’ interest and optimize their active in-
volvement and, therefore, their engagement in the learning process [9,11,12]. Engagement
is directly linked to academic achievement [13] and is the result of a person’s interest
in content-specific activities [14]. Interest development takes place in two phases: The
triggering phase and the maintaining phase [15-18].

Based on the above ideas, in the present study, we decided to approach the teaching
of energy by first enhancing student interest in the topic. From the literature review, we
were not able to identify works that used the same approach as in the present study, i.e.,
the focus on the phases of interest development, which we consider to be the innovative
element of the teaching intervention implemented in the present study.

In view of all the above, in this paper, we present our intervention and explore
whether, by enhancing students’ interest in the subject of energy, we can achieve desired
learning outcomes. Thus, our research question can be formulated as follows: Is there a
positive correlation between students’ learning outcomes and interest developed during
our teaching intervention?

The present study was carried out in Greece and includes 2nd year junior high school
students (aged 14). Greek junior high school is a total of 3 years.

The paper is organized according to the following sections: In the ‘Background’
section, the literature relevant to interest development and learning is reviewed. The
‘Context’ section includes a brief presentation of the concept of energy as it appears in the
Greek high school curriculum and in our intervention. The ‘Methodology” section includes
subsections ‘Design of the intervention’, ‘Implementation and data collection’, and ‘Data
analysis and results’, and finally, the ‘Discussion” and ‘Conclusions’ are presented last.

2. Background

Researchers (e.g., [15,19]) have highlighted the role of interest as it boosts motivation
and guarantees an individual’s engagement in content-specific activities. It is a powerful
driving factor that triggers and promotes learning and is considered essential for academic
success [20]. Interest is characterized by increased attention, effort, and affect, experienced
in any particular moment, as well as an enduring predisposition to reengage with a
particular object or topic over time [15]. Interest appears to be especially important in
attracting and sustaining students” attention (see [17,21]). Its presence ensures active and
meaningful engagement in science classes, which is key to academic success and better
learning outcomes [22-24].

Researchers classify interest in two types: situational and individual. While individual
interest concerns personal interests one holds over time, situational interest is generated by
a source external to the individual, such as an experiment or a demonstration that a teacher
may conduct in the classroom. “Furthermore, interest is content specific and has a learning
function. Situational interest has a relation to content such that it might be unexpected,
novel, complex, or mysterious, which makes salient a gap in one’s knowledge—a gap that
motivates people to engage with the content” ([14], p. 50). Interest is strongly related to
attention and can initiate exploration and learning [25].

Different sources that can generate interest and at the same time promote learning in
science have been identified. Empirical studies provide evidence that conducting hands-on
activities leads to positive motivational outcomes (e.g., [26,27]). Tural [28] observed that
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students were more motivated in the lesson with hands-on experiments than through
traditional lessons and their interest piqued after teaching, work, and energy. Additionally,
hands-on activities play a crucial role across all levels of inquiry-based learning in science
education in order to develop students” knowledge and skills [29]. Djudin [30] advises the
use of well-designed hands-on activities as they spark students’ interest while achieving
the expected learning outcomes.

Another influential factor that stimulates students’ interest is the connection between
what they learn and real-life contexts, as this addresses topics that are relevant and applica-
ble to their lives. As Djudin ([30], p. 20) notes, “the students are more engaged when they
feel that what they are learning is connected to life outside the classroom”.

Researchers and educators have also highlighted the contribution of software. Soft-
ware, in addition to pushing interest and motivation to learn, also contributes to conceptual
understanding. The use of educational software as a tool in teaching and learning also
increases learners’ skills that are needed during their school life. “It also helps in providing
a proactive environment between the student and the teacher from one side and among
students from another side”, increasing their advancement and leading them toward better
learning outcomes ([31], p. 1602). It has also been found that computer simulations spark
and increase students’ interest, actively engaging them in investigations, while, at the same
time, maintaining their motivation in learning science [32,33]. According to Smetana and
Bell ([34], p. 1338), “computer simulations provide many advantages to support calls for
inquiry-based, learner- and knowledge-centered instruction [35]”. They promote students’
interest and thus active engagement in problem-solving situations (see [36,37]) and assist
students in acquiring a more concrete knowledge of abstract concepts [38]. In computer
simulations, learners study situations similar to those they encounter in their daily lives
within a framework of natural phenomena and solve practical exercises after studying
the educational material [31]. They interact with representations of natural phenomena
that would otherwise be impossible to observe, a process that helps them to formulate
scientifically correct explanations for these phenomena [33].

As presented in the introduction, the development of situational interest takes place
in two phases: The phase of triggering and the phase of maintaining [15-18].

According to the model of Hidi ans Renninger [15], for the initial phase of interest de-
velopment, the triggering phase, it is necessary that the teaching materials attract students’
attention and excites them. The second phase, the maintaining phase, calls for external
factors, such as the content’s perceived value (usefulness and importance), as prerequisites
to sustain learners” attention and active participation. Both interest development phases
result in developing knowledge and indirectly attribute value to the learning of energy
(Figure 1).

Phase 1 Phase 2
Triggered situational Maintained situational Outcomes
interest interest
st takes place in a |t takes place with the sBoth phases lead to the
learning environment involvement and active development of
with the help of participation of knowledge about the
external triggers (eg students in the learning concept of energy and
viewing a video) process the attribution of value

to energy learning

—

Figure 1. Situational interest development model and expected outcomes.
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3. Context
3.1. Learning about Energy in a Greek Junior High School

In the formal 2nd year Greek junior high school curriculum (where the concept of
energy is first officially introduced), the chapter on energy includes the following topics:
mechanical work of a constant force, kinetic energy, gravitational potential energy, and
mechanical energy and its conservation. Each of these topics includes: the relevant theory,
representations, numerical examples, and problems for students to solve. No experiments
or other activities are proposed.

The main idea underlying the conceptual approach is that of dealing with a system,
its surrounding environment, and the interactions between them [39]. The mathematical
formalism of the concepts in the school textbook is as follows:

Work:

(@) W =F-Ar (Force F along the direction of displacement Ar)
(b) W = —F-Ar (Force F opposite the direction of displacement Ar)
() W =0 (Force F is perpendicular to displacement Ar)

Kinetic energy (KE): K = 1/2 m-v?> where m is the mass and v the speed of the body

Potential energy (PE): U = mgh (gravitational potential energy of the system of an object
of mass m) and is valid only for objects near the surface of the Earth (k is the height and g
is approximately constant).

Mechanical energy and its conservation:

The total mechanical energy (EM) of a system is defined as the sum of KE and PE:
EM =K + U. In general, the EM of a system remains constant if gravitational, electric, and
forces from springs act only.

The main learning objectives include:

Students shall:

Understand the conditions that need to be met for work to be done.

Define work as the product of force and displacement and identify its unit.

Be able to realize when a force is doing positive, negative, or zero work.

Understand that the kinetic energy of an object increases with speed and is propor-

tional to the square of said speed.

e  Understand that the gravitational potential energy of an object (near the surface of the
Earth) is proportional to its mass and its vertical distance (height) from the surface.

e Understand that the gravitational potential energy of an object depends on the differ-
ence of vertical heights between the initial and final position of an object, instead of
on the path along which the object moves.

e  Understand that, in general, the mechanical energy of a body or a system remains

constant if gravitational, electric, and forces from springs act only.

The way energy is usually taught in high school is via the standard textbook, classroom
lectures, solving exercises on the board, and perhaps some demonstrations, often with little
or no interaction with students. As mentioned earlier, no experiments or other activities are
included in the textbook. The teacher usually assigns students exercises from the textbook
to solve in class and/or at home.

3.2. Energy in Our Intervention

Our intervention includes the same topics as those in the curriculum, the same learning
objectives, and shares the same premise, underlying the conceptual approach, i.e., that of
dealing with a system, its surrounding environment, and the interactions between them.
For our students’ cognitive level, a system could be a single object or particle or a collection
of objects or particles (e.g., [40]). The teaching approach of our intervention is presented in
detail in the following section.
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4. Methodology
Design of the Intervention

Our intervention, based on Hidi and Renninger’s [15] model of interest development,
was designed to include two phases: first trigger situational interest and second maintain
situational interest. The idea is that, when we develop each of these phases, we are more
likely to meet our learning objectives.

Depending on the phase and learning objectives, different materials and activities
were employed. Before selecting the materials and activities, whole class discussions were
held to explore students’ interests that could be linked to the concept of energy.

In the first phase, to trigger students’ interest, videos for each of the energy topics were
presented with popular cartoons or real-life situations (see Table 1). Each video screening
was followed by a whole-class discussion.

Table 1. Activities in the phases of triggering and maintaining interest.

PHASE 1: Triggering Situational

TOPICS Interest PHASE 2: Maintaining Situational Interest
. Software (Simulations)
) 1. Calculation of work according to different cases (force acting in the
Videos of popular cartoons A . . .
e direction of the displacement, force opposite the displacement)
and real-life situations, .
Work (W) . 2. Dependence of W on displacement (for a constant force)
available on Youtube 3 Dependence of W on force (for specific displacement)
Whole class discussions ’ P P P
. Problem solving situations: Students’ design and perform simple
experiments to solve problems
. Experiments
- Vidos Ol ooy 5 DopneeotKEon s alioivenudy)
Kinetic energy (KE) Whole class discussions ’ ca?))e enceo on speed {quantitative study using a Lego robo
. Software (Simulations) Dependence of KE on mass (quantitatively)
. Experiments
1. Dependence of PE on mass (qualitative study when height is
constant)
Videos (pogo stick, 2. Depgr}dence of PE on height (qualitative study of a body with a
p specific mass)
Potential energy (PE) trampoline, pole-vault)
Whole Class discussions ° Software (Simulations)
1. Dependence of PE on mass (quantitatively)
2. Dependence of PE on height (quantitatively)
e  Hands-on activities (creating and using bows, slings, and origami)
° Experiments:
1. Pendulum (qualitative study)
2. Converting gravitational PE to KE using a wheel and weight
apparatus (qualitative study)
Mechanical energy (ME): Videos (roller coaster) . Software (Simulations): converting PE to KE
How energy converts from Whole class discussions . PhET (converting PE to KE):

one form to another

(https:/ /phet.colorado.edu/el/simulation/energyskate-park-basics
(accessed on 21 March 2021))

. Problem solving situations: Students design and perform simple
experiments to solve problems

. Connections with real life situations: Visit to a hydroelectric dam.

In the maintaining phase, the activities were of different types. As noted earlier,
our intervention is addressed to students at 2nd year junior high school (aged 14). Thus,
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we included simple age-appropriate activities that met the cognitive level of students
to encourage and facilitate their conceptual understanding and were deemed effective
for the purpose for which they had been selected: to meet the learning objectives of
the intervention.

Drawing on the literature reviewed in the “background” section, to meet the objectives
of the second phase (maintaining interest and achieving learning), we integrated investiga-
tive tasks with hands-on experiments to give students a so-called hands-on experience; a
situational factor that is considered to evoke students’ interest and their motivation to learn
science (e.g., [26,27]. In addition to the experimental activities, in the maintaining phase,
our intervention included the use of software designed by the authors and created by
professional software developers. The software used in our intervention was the open code
“GlowScript” platform with its programming language “VPython”. This specific platform
creates 3D models, which assist students to better comprehend physics experiments and
phenomena. The software was interactive and included 3D simulated experiments with
the objective to obtain an accurate output of the natural analogue and confirm that the
experimental process was in fact understood by students, as well as ensure the teacher’s
ability to interact with the tool in order to guide the lesson. The software also included a
structured series of guided investigative tasks, as well as specifically designed worksheets,
all of which can successfully enhance instruction [41]. In the activities of the 2nd phase (the
maintaining phase), in addition to the software created in-house, we included a PhET inter-
active simulation. PhET simulations, which can run online or can be downloaded for free,
are often highly interactive, easy to use, and create environments that allow actions that
would otherwise be difficult to show in the real world [41]. The PhET in our intervention
was used as instructional material for an activity on mechanical energy, where students
could work on converting potential energy to kinetic energy and vise-versa. Additionally,
in both the triggering and maintaining phases, energy was associated with situations that
students experience in everyday life.

Finally, within this context, the students were also given the opportunity to work au-
tonomously, designing and executing simple experiments to solve problems and experience
personal success, applying their skills in the process.

The classroom intervention included small-group work (4 students in each group),
individual work, and teacher-mediated whole-class discussions.

The different types of activities for each topic included in both phases of interest
development are presented in Table 1. The topics (work, kinetic energy, potential energy,
and mechanical energy) were taught sequentially, taking into account both phases of
interest development. Examples of representative activities are presented in Appendix A.

5. Implementation and Data Collection

Our intervention was delivered to 2nd year junior high school students. Two groups
of students participated in the study: the experimental group, which was taught with
our intervention and the control group, in which instruction strictly followed the school
textbook. Both the experimental and control group participants attended regular public
schools, located in the same city. Each group included students of the same class, i.e., whole
classes were selected and assigned to either the experimental or control group. Students
were registered in the public school system based on their home address. The control
classes were in the school of the teacher who implemented the intervention.

The students of the experimental group (N = 110) were taught the same concepts as
those of the control group (N = 96). For both groups, the subject was taught 2 hours a week.

To evaluate the learning outcomes of students in relation to the learning objectives,
we administered a written questionnaire composed of 33 open-ended questions to both the
experimental and control groups. The questionnaire was developed in collaboration with
three fellow physics teachers, who taught the subject of energy to the same grade students
in other schools. The questions varied in difficulty and examined whether students could
apply the new knowledge they were taught to solve various energy-related problems, in line
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with the learning objectives. A sample of the test questions are presented in Appendix B.
In the present study, it was decided that students’” learning outcomes would be tested
post-instruction only. No pre-test was administered because the post-test included items
for which the students did not have any previous knowledge or experience. As mentioned
earlier, students in the present study were first introduced to energy-related concepts in
the respective class.

Students’ situational interest was assessed with a self-report questionnaire, consisting
of 13 items: 7 statements on triggered interest and 6 statements on maintained interest. Our
questionnaire was based on the questionnaires constructed by Linnenbrink-Garcia et al. [42]
and Doussay [43], used to measure interest in different academic situations. The question-
naires were translated into Greek and were appropriately adapted to the framework of our
study. The final questionnaire drawn up for our study used a four-point Likert-type scale with
options: Definitely agree, Slightly agree, Slightly disagree, Definitely disagree. Its reliability
was calculated, giving a high Cronbach’s alpha (0.879). A sample of items are presented in
Appendix C.

6. Data Analysis and Results

First, we encoded students” answers. A value of 1 was assigned to the minimum
average academic performance and minimum average interest and a value 4 was assigned
to their maximum averages, respectively. We conducted a normality test, which indicated
that the data were normally distributed using the SPSS 23 statistical package. The latter
was also used to analyze the remaining data. We then performed an independent t-test
that compared the mean difference between the two groups (experimental and control) for
both interest and learning outcomes ([44]). The results showed a statistically significant
difference between the two groups (t (204) = 9.41, p < 0.05 for learning and ¢ (204) = 11.48,
p < 0.05 for interest). These results are presented in Table 2 (situational interest) and Table 3
(learning outcome) as they appear in SPSS viewer.

Table 2. Results of independent ¢-test for situational interest (criterion t).

. Mean Std. Error
F Sig T Df Difference Difference Lower Upper

8.50 0.00 9.41 204 1.25 0.13 0.99 1.51

Table 3. Results of Independent t-test for learning outcome (criterion t).

. Mean Std. Error
F Sig T Df Difference Difference Lower Upper
4.28 0.04 11.48 204 1.44 0.13 1.19 1.69

In the experimental group, the statistical analysis conducted on student answers to
the questionnaire assessing learning outcomes recorded an average score of 3.51, with a
standard deviation of 0.85 (3.51 = 0.85 (SD)), whereas the control group’s average score was
2.26, with a standard deviation of 1.04 (2.26 =+ 1.04 (SD)). Descriptive statistics concerning
learning outcomes are presented in Table 4.

Table 4. Descriptive statistics concerning learning outcomes for both groups.

Number of Standard
Group Partlilpants Mean Deviation (SD) Std. Error Mean
Experimental 110 3.51 0.85 0.08

Control 96 2.26 1.05 0.20
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The average score for situational interest was 3.42, with a standard deviation of 0.81
for the experimental group (3.42 £ 0.81 (SD)) and 1.98, with a standard deviation of 0.98 for
the control group (1.98 £ 0.98 (SD)). Descriptive statistics concerning situational interest
are presented in Table 5.

Table 5. Descriptive statistics concerning situational interest for both groups.

Number of

. . Standard
Group Partlilpants Mean Deviation (SD) Std. Error Mean
Experimental 110 3.42 0.81 0.08
Control 96 1.98 0.99 0.10

The average scores on situational interest and learning outcomes are presented in
Figure 2.
Average scores for both groups

3.42 3.51
35

W

25

N

15

—

0.5

Situational Interest Learning outcomes

B Experimental group M Control group

Figure 2. The average scores on situational interest and learning outcomes in the experimental and
control groups.

Additionally, we examined the learning outcomes of both groups for each topic
separately. The average score of learning outcomes concerning work, kinetic energy,
potential energy, and mechanical energy for both groups was calculated and is presented
in Table 6.

Table 6. Results of learning outcomes for all topics.

Topic Work Kinetic Energy Potential Energy Mechanical Energy
Experimental 3.44 3.49 3.55 3.52
Control 224 2.28 2.27 2.25

We also performed an independent t-test that compared the mean difference between
the two groups (experimental and control) for all topics, and the results showed that there
was a statistically significant difference between the two groups (t (204) = 8.82, p < 0.05
for work, t (204) = 9.03, p < 0.05 for kinetic energy, ¢ (204) = 9.84, p < 0.05 for potential
energy, and ¢ (204) = 9.58, p < 0.05 for mechanical energy [44]. These results are presented
in Table 7.
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Table 7. Results of independent t-test (criterion t) for all topics.
. Mean Std. Error

Form of Energy F Sig T Df Difference Difference Lower Upper
Work 4.99 0.03 8.82 204 1.20 0.14 0.93 1.46
Kinetic energy 10.75 0.00 9.03 204 1.21 0.13 0.95 1.47
Potential energy 13.491 0.00 9.84 204 1.28 0.13 1.03 1.54
Mechanical energy 7.04 0.01 9.58 204 1.27 0.13 1.00 1.53

Finally, we examined the correlation between learning outcomes and situational inter-
est by calculating the Pearson r coefficient (r (204) = 0.846, p < 0.001) (). Its value indicates
that there was a significant positive correlation between students’ learning outcomes and
their interest in the subject (highest values of r lie between 0.80 and 0.99).

7. Discussion

The results of the present study show a significant difference in the interest of students
in the experimental group compared to the control group. There is also a significant
difference in the learning outcomes of the two groups. The average score of students in the
experimental group, in addition to their scores in each of the individual concepts that our
intervention evaluated, was significantly higher than that of the control group.

A particularly important finding of our study is the statistically significant positive
correlation between interest and learning outcomes. This finding confirms that enhancing
students’ interest in the concept of energy can lead to successful learning outcomes [20],
which answers our main research question. The students of the experimental group
developed a high level of interest, which led to better academic performance in contrast
to that of the control group. Specifically, the impact of students” interest on their learning
is demonstrated by the results of the statistical analysis. Situational interest and learning
outcome averages, as well as the values of criterion ‘t’, showed that there was a statistically
significant difference between the averages of the experimental group students and those
of the control group.

The results justify our reasoning to teach energy, following the phases of interest
development in the subject matter [15]. They also confirm the findings of previous studies
(e.g., [9,10]) which, as noted in the introduction, indicated that one of the most useful meth-
ods to teach difficult and unattractive subjects is to trigger students’ interest and optimize
their active involvement and, therefore, their engagement in the learning process [9,12].

The encouraging results of our study can be attributed to a combination of factors,
each of which we consider to have influenced the other factors, thereby contributing to
both students’ interest development and their learning.

(a) The creation of an appropriate learning environment and the choice of specific
activities carried out by the students had a catalytic role in triggering and maintaining
their interest, as well as their conceptual understanding. Stimulating interest was the
first important step. But interest has to be sustained. This was ensured by selecting
activities that were, on the one hand, enjoyable for the students and, on the other, age- and
level-appropriate, and as such, their execution was feasible.

Investigative tasks, together with hands-on experiments, which, as noted earlier,
provide the so-called hands-on experience, are considered to have evoked students’ interest
(e.g., [26,27]). Our findings are also in line with the findings of other studies reported
earlier [28], where it was observed that students were more motivated in the lesson with
hands-on experiments than through traditional lessons and their interest piqued after
teaching, work, and energy.

(b) The software was one of the main instruction materials and was specifically
designed to be simple to use for students. It assisted them in becoming acquainted with
difficult ideas introduced in the present intervention. The specific interactive software
with 3D simulations allowed students to experiment and carry out guided investigative
tasks and interact with representations of the phenomena under study. This seems to have
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played a dominant role in students’ conceptual understanding of the different forms of
energy. Additionally, the high interest scores in energy from students of the experimental
group were in line with the findings of other studies [32,33], which report that computer
simulations spark and increase students’ interest, actively engaging them in investigations
that sustain their motivation to learn science.

(c) The selected approach, which provided students opportunities to engage in
problem-solving situations while designing and performing simple experiments on their
own, as well as the fact that they were given the opportunity to build constructions, enabled
them to engage productively in their own learning. Additionally, we consider that a collab-
orative learning approach, together with classroom discussions, significantly influenced
students’ interest development and active involvement, therefore contributing to their
learning. This view is also supported by the findings of other researchers (e.g., [45,46]),
which also demonstrated that collaboration and idea exchange during science lessons is
an approach that stimulates and develops students’ interest and, as such, enhances their
performance. This is also in line with the feedback given by the students themselves. The
students specifically acknowledged the positive effects of this approach, thus reinforc-
ing collaborative learning, together with idea exchanges (e.g., statements such as ‘I liked
working with my classmates’, ‘I liked sharing my ideas with my classmates’).

Additionally, worth noting is that energy is related to everyday life, which we consider
to also have contributed to students” interest and learning (see Table 1).

(d) The intervention was adapted to the cognitive level and age of the students. We
had to make sure that the students of the experimental group would be able to perform at
least equally in answering in-depth questions and solving the mathematical problems that
were presented in the school textbook.

8. Summary and Conclusions

The concept of energy has a multidimensional importance for education. However,
the understanding and interpretation of its essence is problematic for a significant number
of junior high school students, even though it provides the cognitive background necessary
for understanding and interpreting important phenomena in science. The difficulties
encountered demotivate students to take interest in the subject, rendering it unattractive.

The present study provides an insight into how junior high school students, who are
starting their formal education in physics, can be introduced to the concepts of energy. The
didactic approach used in the present study differs in relation to others that teach energy and
lies in the fact that student learning takes place during the two phases of interest development.

The present study demonstrates the importance of developing student interest and
confirms the views expressed in the literature (e.g., [9,12]). Since interest is vital to students’
active participation, engagement in activities, and effective learning, it is essential for
teachers to include students’ interest in their teaching methods when explaining difficult
concepts, such as energy, especially at these ages.

The present study has important implications for practice and research. The approach
presented in this paper could also be adapted and applied to teaching the concept of
energy within the field of electricity in the upper grades of high school. This will help
students form a holistic view on the concept of energy, which is central in most fields of
the natural sciences. The teaching methodology used in the present study can also be
employed with other difficult concepts of science. Additionally, the tool used to measure
interest, which was adapted for the concept of energy, can be modified and used for
corresponding measurements in similar teaching interventions to introduce other topics in
science education as well.

The present study raises issues for further research. The limits of the approach adopted
in our study is that its design targets the achievement of pre-established learning objectives
without taking into account possible alternative ideas that students may have had about
energy-related concepts. In a follow-up study, the design could be extended to include the
exploration and use of the students’ alternative ideas.
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While findings should be interpreted within the limitations of a study that, on the one
hand, was carried out in a single country and, with an average number of students on the
other, may be used to guide research and interpretation of the effects of teaching energy
using the model of interest development in other countries.
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Appendix A

A. Quantitative study to determine the dependence of KE on speed

In this study, students used the “Lego robot car” of Figure Al. The Lego Robot car
was programmed to move at a constant speed of four different values (not known to the
students). Students, working in small groups, weighed the car and recorded its mass on
their worksheet. They were then given chronometers and tape measures and were asked to
measure and record their data for the variables, distance and time, and calculate the speed
of the Lego robot car. Students then had to calculate the kinetic energy and plot the graph
of Figure A2 in excel. Plotting graphs was deemed essential for students at this grade level,
as the mathematics required for creating and interpreting graphs, as well as understanding
the meaning of a linear function, are taught in the following grade. The latter causes
students difficulty in understanding the linear relationship between two quantities by
simply looking at the mathematical formula. Added to this is the fact that, in general, math
is taught as a subject independent of physics. Additionally, as students at this level do
not have the mathematical background to understand the notion of a parabolic curve, we
decided to have them plot kinetic energy vs. the square of the speed (v?) to confirm a linear
function (see Figure A2).

ﬁ Distance

Figure A1. Lego robot car used in the quantitative study to determine the dependence of KE on speed.
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Figure A2. Graph plotted by the students: Dependence of kinetic energy on the square of speed.

B. Qualitative study (experimentation): Transformation of PE to KE

In this study, students experimented with the wheel and weight apparatus of the
school laboratory called “the mechanical energy conservation device”, shown in Figure A3,
to observe the transformation of PE to KE. Having the car at a standstill, the students
released the bob from a height and the trolley began to move. The students were then
asked to interpret the observed phenomenon.

Figure A3. Wheel and weight apparatus used to observe the transformation of PE to KE.

C. Quantitative study (software): Transformation of PE to KE and conservation of ME.

Students used the software to evaluate the shift from PE to KE and the conservation
of ME (see Figure A4). On the left screen shot, translated from Greek: Mechanical in
blue, kinetic in red, and potential energy in green. Students could adjust the mass of the
body and choose the height from which the body was released. The fall of the body was
simulated with the software, the speed was measured independently at each position of
the body, and the kinetic energy was calculated. As the body fell, students could see its KE
increasing on the right screen shot as its PE decreased. At the same time, students could
observe that its ME (blue line) remained constant. The phenomenon was then discussed in
a whole-class discussion.
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Figure A4. Transformation of PE to KE and the conservation of ME.

Appendix B

1. A weightlifter lifts a bar that weighs 1500 N at a height of 2 m from the ground.
How much work does the athlete do as the force is exerted on the bar when he: (a) Lifts the
bar at a constant speed; (b) Holds the bar still over his head; (c) Lowers the bar slowly to
the ground at a constant speed?

Please justify your answer.

2. The mass m of the figure rests on a table of height h. What is its potential energy (a)
with respect to the ground and (b) with respect to the table?

o

Figure A5. Mass resting on a table of height h

3. The bodies of the figure below have equal masses and one is thrown horizontally
and the other vertically at the same speed and from the same height from the ground.
(Frictions and resistances do not exist).

(a) Compare the mechanical energies of the bodies at the moment of launch.

(b) Calculate the velocity of each body if H = 20 m (given g = 10 m/s?)

Justify your answer.

\Y

O—s
o

U=0

Figure A6. The two bodies thrown horizontally and vertically.
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Appendix C

Table Al. Sample of items of the situational interest questionnaire.

Definitely Slightly Slightly Definitely
Agree Agree Disagree Disagree

My teacher teaches energy in a way that’s exciting.

The lesson on energy is so much fun that it makes it easy for

me to follow.

Studying energy is fascinating.

Ibelieve that what we are learning this year about energy is

especially useful to me.

The things I learn about energy I can use in my everyday life.

I do not think I wasted my time learning and studying energy.
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